Introduction
Febrile neutropenia is a frequent complication in children that receive chemotherapy. 1 Up to one third of episodes of neutropenia after chemotherapy manifest with fever. 2 This corresponds to 0.76 episodes of fever per 30 days of neutropenia. Several studies have reported that the infection is severe in up to 25% of episodes, with an overall mortality of approximately 3%. 3 The available evidence suggests that early administration of appropriate antibiotherapy decreases mortality due to bacterial infection. 4 On the other hand, delayed administration of antibiotherapy has been associated with poorer outcomes. 5 For this reason, patients with febrile neutropenia after chemotherapy endure long hospitalizations and are given broad-spectrum antibiotics. 3 ---5 The prolonged lengths of stay have a significant impact on the quality of life of these patients and their families. 6 As health professionals, it is essential that we know how to correctly manage these episodes both in the emergency department and in the subsequent hospitalization. Blood cancers, 7 the duration of neutropenia, 7 sepsis, 8 low blood pressure, 8 non-white race 9 and age more than 12 years 9 have been identified as risk factors for an increased mean length of stay.
On the other hand, the use of granulocyte-colony stimulating factor (G-CSF) has been associated with a significantly lower mean length of stay ( 1 ---2 days). 10, 11 In the paediatric population, current guidelines recommend using G-CSF for primary or secondary prophylaxis or for treatment only in patients classified as high-risk. 12 In addition, postchemotherapy febrile neutropenia episodes place a considerable financial burden on the national health system 8, 13 in terms of both direct and indirect costs.
In light of the above, identifying the factors associated to prolonged lengths of stay is of the essence.
The main objective of our study was to identify the risk factors associated with an increased length of stay in episodes of febrile neutropenia associated with chemotherapy in our hospital over a 3-year period.
The secondary objective was to describe the distribution of microbiological isolates and foci of infection in our patients.
Methods
We conducted a retrospective and prospective observational study (01/07/2015---31/12/2018) of the episodes of febrile neutropenia associated to chemotherapy in paediatric patients managed in a tertiary care hospital.
The inclusion criteria were age 0---18 years, delivery of chemotherapy by the Department of Paediatric Oncology and Haematology, an axillary temperature of 38
• C or higher and an absolute neutrophil count of 500/mm 3 or lower. The exclusion criteria were age more than 18 years, neutropenia of any aetiology unrelated to chemotherapy, an absolute neutrophil count of more than 500 cells/mm 3 (moderate or mild neutropenia not requiring hospital admission).
We collected data for the following variables: age, sex, weight percentile, body temperature ( 3 ), C-reactive protein (CRP) (mg/L) and procalcitonin (PCT) (ng/ml) levels at admission, days with neutropenia with a neutrophil count of less than 500/mm 3 , focus of infection and length of stay in days.
We calculated the Pearson r to analyse the correlation between the length of stay and the weight percentile, temperature, haemoglobin concentration, platelet, neutrophil, lymphocyte and monocyte counts, levels of CPR and PCT and days with neutropenia with less than 500 neutrophils/mm 3 . We also made analyses by subgroups using the Student t test, comparing the mean length of stay of patients based on whether they had a neutrophil count of 100/mm 3 or less at admission, a CPR level of 90 mg/L or greater, a PCT level of 1 ng/mL or greater, microbial isolation, the focus of infection, and use antibiotic and/or antifungal prophylaxis.
We used the personal data of participants in adherence with current legislation and safeguarded patient confidentiality. No report or publication will therefore include any identifiable data. The study was approved by the Clinical Research Ethics Committee.
The analysis was carried out with the statistical software SPSS version 23. We defined statistical significance as a pvalue of less than 0.05 in any of the tests.
Results
In the period under study, 69 patients met the inclusion criteria, corresponding to a total of 101 episodes of postchemotherapy febrile neutropenia. The mean length of stay was 7.38 days (median, 6 days). The remaining median values were age 6 years, weight on the 25th percentile, fever of 38.2
• C, haemoglobin concentration of 8.9 g/dL, platelet count of 54 000/mm 3 , neutrophil count of 100/mm 3 , lymphocyte count of 200/mm 3 , monocyte count of 0/mm 3 , CRP level of 46 mg/L, PCT level of 0.26 ng/mL, 3 days with neutrophil count of less than 500/mm 3 . A microbial isolate was obtained in 45 episodes (44.6%). Fig. 1 presents the distribution of the foci of infection. Fig. 2 presents the distribution of patients by type of tumour.
We analysed the correlation of the length of stay to the rest of the quantitative variables under study, and found a statistically significant correlation with the haemoglobin concentration (---0.307; P = .002), the platelet count (---0.215; P = .031) and the lymphocyte count (---0.205; P = .04) at The remaining results of the analysis can be found in Table 1 .
Discussion
The mean stay reported in the literature ranges between 5 and 19.7 days per episode, 7---9,13,14 depending on the case series. The mean found in our sample fell within this range and was consistent with most published studies. 8, 9, 13, 14 In our sample, the percentage of cases in which a pathogen was isolated was slightly greater compared to the literature, in which reported proportions range from 10% to 40%. 2, 15, 16 This may be explained in part by viruses causing a substantial percentage of infections in febrile neutrope- nia episodes (44---57%), 17 and thus in our hospital we perform rapid tests for RSV and influenza during the epidemic season.
On the other hand, the distribution of cases by focus of infection was consistent with the literature 18 : 32% of episodes are of fever without a focus (35% in our sample), and 20% are episodes of bacteraemia (12% cases of invasive bacterial infection and 6% cases of central catheter-related infection).
We ought to highlight that the length of stay for episodes in which a causative pathogen was identified was 4 days longer (a statistically significant difference). This could be due to a greater severity of disease or to an intent to ensure completion of the duration of antibiotherapy required by each infection.
When it came to the factors associated with an increased length of stay, our results suggested a negative correlation with the haemoglobin concentration, the platelet count and the lymphocyte count, factors that had not been previously described. We also found a positive correlation between the mean length of stay and the CPR levels at admission, which seems logical and is consistent with the previous literature. In addition, we found a statistically significant association between the PCT and neutrophil values at admission on one hand and an increased length of stay on the other. These factors have been previously described in the literature as predictors of poor outcomes, 19, 20 but not of prolonged lengths of stay. These results agree with previous findings, as episodes with poor outcomes may be associated with longer lengths of stay.
Although we did not find a statistically significant association between the neutrophil count at admission and the length of stay, the p-value neared the threshold of significance, so it is likely that this association would be significant if analysed in a larger sample.
One of the main limitations of our study was the small sample size. In addition, in most patients we were unable to determine whether they received G-CSF, which has been associated with shorter mean lengths of stay and may have had an impact on the results. Another limitation is that the time elapsed to administration of the first dose of antibiotherapy in the emergency department was not recorded, although the previous literature suggests that this variable is not associated with length of stay. 21, 22 Identifying these factors as new indicators of an increased length of stay may help guide clinical decisionmaking in these episodes and optimise the use of available resources, as well as plan the management of patients to try to minimise the impact to their quality of life.
